ECENTLY, KAPOSI'S sarcoma-associated herpesvirus (KSHV or HHV-8) has been identified in Kaposi's sarcoma (KS) and primary effusion lymphomas (PELs)."~ This virus is a gamma-2 herpesvirus (genus Rhadinovirus) and is the first member of this genus known to infect hum a n~.~ Although the consistent presence of KSHV in KS and PEL suggests a pathogenic role of this new herpesvirus in these diseases, this has remained controversial. 6 KSHV-associated lymphomas arise predominantly but not exclusively in human immunodeficiency virus (HIV)-positive individuals and are characterized by presentation as malignant effusions without solid tumor m a~s e s .~.~ All cases in HIV-infected individuals have had molecular evidence of coinfection with Epstein-Barr virus (EBV).3,4,Lo Morphologically, they have the appearance of immunoblastic or anaplastic large-cell lymphomas and have clonal Ig gene rearrangements, but lack expression of either surface or cytoplasmic Igs as well as most B-cell differentiation antigens. We recently reported a case of KSHV-positive effusion-based lymphoma in an HIV-negative patient" and have now established an in vitro cell line (KS-l) from this lymphoma. Another lymphoid cell line (BC-3) has been independently established from the same patient." Unlike most other KSHV-positive cell lines," KS-l and BC-3 are negative for other viruses, including EBV. We report here the ultrastructural evaluation of lymphoma cells before and after passage in triple-immunodeficient BNX mice to search for herpesvirus particles and confirm the association of this neoplasm with KSHV.
R

MATERIALS AND METHODS
Cells from the pleural fluid from a case of primary KSHV-positive effusion-based lymphoma were obtained by thoracentesis and grown in RPM1 plus 20% fetal bovine serum at 37°C in 5% carbon dioxide and air. The cells began to proliferate actively within 3 days of initial in vitro culture. Cells grow nonadherently, occasionally in small clumps, and have a cellular doubling rate of about 48 to 72 hours.
Detection of KSHV sequences was performed by polymerase chain reaction (PCR) amplification of KSHV sequences and confirmed by Southern blotting of PCR products using methods previously described.'." Sequences of oligonucleotides used for the amplifications and hybridization were as follows: 5' primer, 5'-TGTAlTAGCTAACCCTTCTAGCG-3'; 3' primer, 5"TCCGTGTTG-TCTACGTCCAG-3'; and probe, 5'-TGCAGCAGCTGTTGGTGT-ACCACAT-3'. PCR reaction products were fractionated by electrophoresis, transferred to nylon membranes, and hybridized with an oligonucleotide probe for KSHV end-labeled with y3*P For personal use only. on October 22, 2017. by guest www.bloodjournal.org From (dATP) using T4 Polynucleotide Kinase (GIBCO/BRL. Gaithersburg. MD). As negative controls, we used RAJ1 lymphocytes and HL-60 myeloblasts that showed no hybridizing band.
Cells from the in vitro cultures described above were injected into the peritoneal cavity of triple-immunodeficient BNX mice (4 X IOh cells total), who developed prominent ascites within 3 weeks of injection. The morphology of the cells was evaluated on giemsastained cytocentrifuge preparations and hematoxylin and eosinstained sections from cell blocks. lmmunophenotypic and genotypic characterization was performed as previously described.x." Immunohistochemistry and/or in situ hybridization for EBV, herpesvirus (HSV-I and HSV-2), and cytomegalovirus (CMV) was performed using modifications of methods previously described.".I4
Elecrron microscopy. Fresh cells from the ascitic fluid were fixed and gelled in glutaraldehyde and 22% specific albumen (3 parts glutaraldehyde to 2 parts albumen) and immediately pelleted by centrifugation. The solidified specimen was cut into l-mm cubes and embedded in epon for ultrathin sectioning. Sections were stained with uranyl acetate and lead citrate and evaluated with a JEOL transmission electron microscope (JEOL, Peabody. MA). edly irregular nuclear outlines. Using PCR, we found a prominent 620-bp band on the ethidium bromide-stained agarose gel that hybridized with "P-labeled KSHV sequences on Southern blot after transfer to nylon membranes. Cells from the peritoneal cavity of a triple-immunodeficient BNX mouse that developed massive ascites within 3 weeks of intraperitoneal injection had a similar morphologic appearance (Fig 1) . In addition to malignant ascites, a tumor mass was present infiltrating the chest wall of the pleural cavity of the mouse. After passage in BNX triple-immunodeficient mice, the cell line KS-I remained positive for KSHV.
RESULTS
Clinical
Imrnunopltenotypic ckaracterization. Immunophenotypic studies showed the cells to be positive for CD45 and CD20, but negative for surface Igs, for T-cell markers (CD3 and CD5), for CD56 (N-CAM), and for CD79a. The Bcell lineage was confirmed by the demonstration of clonal rearrangements of the Ig gene in Southern blots, as previously described.R Cells from the murine ascitic fluid stained positively for cytoplasmic A light chains. Cells were negative for EBV by immunohistochemistry for EBV latent membrane protein (LMP-I) and in situ hybridization for EBER. Cells were also negative for CMV by in situ hybridization and for herpesvirus 1 and 2 by immunohistochemistry.
Ultrastructural examination. Ultrastructural features were similar in cells from the in vitro cultures and from the murine ascitic fluid. The cells were large with lobated nuclei containing marginated heterochromatin and prominent ropelike nucleolonemas (Fig 2) . The cytoplasm was moderate in amount and exhibited short blunt surface projections. Cytoplasmic organelles included a prominent golgi apparatus, numerous mitochondria, rough endoplasmic reticulum, and numerous polyribosomes. Tubuloreticular structures were rarely observed in the cytoplasm (Fig 3) .
The majority of the cells appeared viable, and viral particles could not be identified in these cells. Occasional malignant cells showed evidence of cellular injury in the form of condensation of chromatin near the nuclear envelope, nuclear degeneration, clumping and lysis of chromatin, and nuclear fragmentation (karyorrhexis; Fig 4) . Electron lucent areas presumably resulted from degradation of the DNA. Within nuclei of these cells, typical herpesvirus particles were identified with capsids that measured approximately For personal use only. on October 22, 2017. by guest www.bloodjournal.org From (Fig 5) . Incomplete particles without cores were also found amongst the nuclear granular material. The cores appeared to be round, polygonal, or bar-shaped. Some nucleoids had electron dense dark centers (Fig 6) , whereas other centers appeared empty, possibly representing different stages of DNA condensation. Some capsids contained internal proteins arranged as a ring. Enveloped viral capsids were identified within the rough endoplasmic reticulum and perinuclear cisterna (Fig 7) . The number of viral particles increased with serial passage in mice.
DISCUSSION
PELS appear to be a distinct clinicopathologic entity based on their characteristic morphology, phenotype, and growth virus HHV-8 or KSHV has been shown by molecular techniques, replicating viral particles have only recently been identified.Is Herpes-type virus particles have been localized within the nucleus of KS cells from patients from Africa" and with acquired immunodeficiency syndrome (AIDS),".'* but these may be coinfected with EBV or CMV. Similarly, KSHV-positive lymphomas have occurred in HIV-positive patients who are coinfected with EBV.' The occurrence of this type of lymphoma in an HIV-negative patient is rare, but in this case, permitted virologic studies without contamination by other herpesvirus, including EBV. As in patients with KS, KSHV may be associated with effusion-based lymphomas in both HIV-seropositive and HIV-seronegative pattern.l-4.7-').ll Although the association with human herpesindividuals.'') Not all primary effusion lymphomas are associated with herpesvirus-like DNA sequences."' and diagnosis of PEL should depend on the presence of characteristic clinical, cytological, phenotypic, and molecular findings." Two previous cell lines (BC-l and BC-2) have been developed from KSHV containing HIV-related lymphomas." Viral particles have been identified by negative staining in pellets from these cells," but, because these cell lines are coinfected with EBV, it is difficult to determine whether these particles represent EBV or KSHV. Although the evidence strongly suggests that the virus replicating in cell line KS-I derived from an HIV-negative, EBV-negative patient represents KSHV, without immunoelectronmicroscopy, we cannot totally exclude coincidental infection by an as yet unidentified member of the Herpes virus family.
Malignant cells from this lymphoma cell line had ultrastructural features consistent with terminal B-cell differentiation, including the presence of well-developed rough endoplasmic reticulum.''.2J Cytoplasmic staining for A light chains in cells from murine ascites with absence of surface Ig is also in accordance with a late stage of B-cell differentiation. Although we were unable to detect virions in healthy appearing proliferating cells, the search for cells with features of nuclear degeneration, particularly lysis of chromatin and karyorrhexis, showed the presence of nuclear viral particles. Their presence in only a few cells showing nuclear changes may explain the previous inability to detect these particles, because in healthy viable cells, virus appears to be present only in the episomal form. Increased particles were For personal use only. on October 22, 2017. by guest www.bloodjournal.org From   Fig 7. (A) Electron micrograph showing nuclear viral capsids and an enveloped viral particle in the perinuclear cisterna (arrowhead). The envelope appears t o derive from the inner nuclear membrane, whereas the outer nuclear membrane is intact. (Uranyl acetate, lead citrate;
original magnification x 56,000.) (B) Lymphoma cell with nuclear capsids and a cytoplasmic virion within the dilated endoplasmic reticulum 
